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I. I”trOd”CtiO” 

An experiment (E-623) has been performed at the Fecmilab 

H”ltiparticle spectccmeter (HPS) to search for states decaying 

to two $ mesons. Crucial to this experinent was the design anI3 

operation Of a high speed processor which seeks events 

containing at least two pairs Of oppsiee charge kaans which 

have an effeCti”e mass compatible with tile $ mass. This paper 

describes the processor. 

me System which was constructed is rather genera1 in that 

it is basically a track finder which determines momentum and 

production angle, and a measurer OF detector nlultiplicity. 

This information ia needed for most types or 

top01og‘cal,kine~atiCal trtgqera. A mall. experiment 

dapendent part Of the electronics chooses which found tracks to 

process and coloputas kinematic quantities involving tIleIn. For 

cxmple, effective mass and transverse mwnentun nay be 

C.lC”l.ted. 

This qmtem is cheap (“-20 PSI and fast ,erigqer decision 

within 150 ns,. It is EcmpeCtriYe with more expensive, s1over 

,a 10 “S,, but higher res01”tio” single “ire processors. 
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receiver/latches as differential ECL pulses. Phototube sign.315 

from the multicell Cerenkov counters (Cl, C2) and scintillabar 

hodoscope ,R1) are discriminated in standard NIM modules. 

These NIH pulses are also sent to Fermilab designed latches. 

For each particle interaction the data is latched and sent to 

the processor as single-ended transmlasions on wire-over-ground 

““ltiCO”d”CtOr ribbon cable. 

me core Of the processoc resides in a crate manufactured 

by HUPK 1 which supports both wire-wrap Cards and backplane 

having very good ground plane and power distribution 

Chacaceeristics. Host Of the system logic i8 implemented on 

these Cards which. given some care in wire routing, provide an 

adequate environment for the ECL-10000 signals.* The use Of the 

wire wrap technique has been found to be quite beneficial in 

that logic “odtficattons are simple and the processor can be 

reprogramed very rapidly. 
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elements for triggering purposes. 

A track is defined as a coincidental hit in all three 

elements Of a predefine3 “road’ thcough PI. P2, d”d P3. A 

pint target Pl”B these three pints provides redundant Lour 

point tracking. The coincidences are all performed in parallel 

rather than by looping OYer arrays Of hits. This parallel 

prOC.ZS8i”q aCCo”“ts ior the speed Of the track finding 

algorithm. Each roarI is uniquely identified by its x7. plane 

(magnet bend plane, production angle e and momentwm P. me 

production angle is given by the cell number in P1,0-31). The 

inverse momentlle, Sfl,P, is measured as the difference. in 

units of P3 cells, between where the particle StrUCk P3 and 

where a particle with infinite momentum and prOduction angle t3 

VOUld ilaw Slx”Ck P3. As shown in Pig. 2. the logic is 

arranged 80 chat two neighboring elements Of P2 are “Bed in 

each -road: This compsnsates for the finite sires of the 

beam, target. and detector hodoscopes. 

It should be noted that the non-bend plane ccmlponent Of 

me production angle could be measure.3 by means Of a 

str.‘qht--LOrY.rd addition to tile *boYe logic. POT example, a 

Tsdundant y meas”*eme”t at P3 far each struck element in P3 

VOUld be provided by a coincidence involving two slant planes 

“ear this detector: 
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AIP.e.Byl - mjcp e) . P3” mlj,ey) . P3vncj,.9y). 

This additional information would require additional fast oc 

aapltfiers, latches, and another ““PRC crate cs 10 KS,. ThC 

meaa”reme”t YO”ld be accessed in the Same way that the mome”t”m 

is retrieved from the road logic. Such a scheme was not 

implemented in this parkicular experiment since the processor 

reduced the erigger cat.3 to an acceptable level In the presence 

Of the max‘mun beam flux that the detectors could tolerate. 

The kind of road definition used is quite efficient for 

finding rraes. Only when two tracks traverse exactly the same 

road is one Of the” “missed.” I” a sample Of Monte Carlo 

events having a mean multiplicity of eight, atout 1% of the 

tracks within a moment"" range Of 6 to 22 Ge",c were missed. 

oe nlore importance is the fairly coarse detector segaentation 

a8 compared with Other processor tcigger..3*('5 This size 

causes a s‘gnificant "umber Of accidental tracks which occur 

*hen a road requirement is satisfied by unrelated detector hits 

created by several tracks. The system recovers ITcm ults 

problem in several ways. It uses fast ripple-through 

electronic. so mat the interesting tracks (Cl.4 defined for 0 

particular experiment) are recognlred within 75ns as compared 

v‘th the microseconds required by iterative search proces80rs. 

This reduces trigger deadtime and allows analysis at a higher 

rate. By reporting m?as”reme”tS Of kinematic quantities for 

each track (i.e. tP.0)) in addition to signalling simply the 

presence Of some number Of tracks6 , thin processor allows a 

higher level trigger decision to be made. 

I” the present experimenk title ineeresting tracks are 

bO”S. mvever. the track finding ia quite general. and the 

logic and detectors could be configured in such a way that the 

tracks Of interest are m”a”s, protons. etc. 

A ho” is defined to occur when a road is satisfied and no 

‘cells in c?. which overlap this road haYe any light. The 

denents in Al are placed so that in the small angle region, 

which has a high track density, they shadow the four-fold 

vertical segmentation of C2 and the horizontal segmentation of 

P3 (Fig. 31. With this arrangement, a kaon tmy be recognized 

even tho”gh a non-k.0” @ion, etc., shares the same road. if 

the two tracks are produced at sufttciently different vertical 

a”g1.S. 

The resulting kaon definitton logic is of the form 

IICP.B) = Pig jl P2 l@.~.u)‘p3j@,el *iL ‘mk(j.v)‘A1m(j,v))~ 

Tim geometrical arrangement and cerenbav threshold are such 

that zsaons with momenta between about 6 Ge”,c.ana 22 cev,c are 

recognized. 



6 

AS shown in Fig. Z. only the highest momentum track for 

each charge out for several that may have a given production 

angle is reported by the track finder to the higher IeVe 

logic. This is the correct bias to use in this particular 

experiment where interesting trscks are kaons and a pion 

contamination mists near threshold in C2. This bias could 

easily be altered to benefit a dtfferene physics motivation. 

however. 
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wanted, a bias in favor of large opening angles between the 

psirs is imposed. This selection of tracks for calculational 

purposes is performed by the “select board” (Fig. 4). 

The flags representing valid K* roads at various 

production angles ~3 are presented to a pair of 32-wide priority 

encoders. me OUtpUts Of these encoders are two five-bit words 

et and e;, WhlCh are the moat positive and most negative 

production angles Of all the satisfied positive llaon roads. 

S‘.“lt.“eo”sly, e; and e; are determined for the negative 

taons. mess four words are use.3 to address the corresponding 

momenta determined in the road logic. Both the four molnentum 

words s;, s;, s;, and s;, an.3 ChS four words Of e are sent to 

the next module for use in the kinematic calculations. 

These calculationa are performed by a conbinstion of 

arithmcttc chfps and PROMS loaded with eunctions. Big. 5. It 

has bee” found that ner proms can be burned very easily an.3 

quickly using the O”ll”S computer. This strategy wae adopted 

rather than the more common on of direct cAb!AC/processor 

CO3WW”iCati.Z.“. 

The effective msss Of a pair Of kaone is given 
approximately by 

I”. Biqh Level Logic 

A further trigger rate red”Etio” is possible “.si”9 the 

kinematic q”anCitieS (P, es, By) Of interesting tracks found by 

the track finder. Iti is possible to Canputs YS1”SS OE 

variables SUCh as effective nmss and CransYsrse mcmentum very 

rapidly using memory lookup techniques. I” the m+ experiment a 

‘kaon pair consistent with +” determination was ready within 

15011s OL the time at which detector data was available to the 

prOCeSsOr. 

For the @b trigger it is desirable to choose two K+K- 

pairs witi3 small opening angles between the .K+ and K- vtttlin a 

pair. At the same time, since a large .+d eftective mass is 

M;, = M; ,2 + ; + ;] + PIPa [(~;-~;,z + le;-e;12], 

assuming emall angles an.3 relativistic tczks. The trigger 
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processor could, in principle, calculate the eLEective mass aL 

any pair of selected tracks. In this particular experiment, 

since low R+R- ma** is required, and since the trigger rstes 

are low, the approxination made is 

2 - 2 HRR= PIP*Ie;-ex) * @+-e-l * 
s+s- . 

A kaon pair is accepted as a valid 4 if Mg, as calculated is 

less than a Monte Carlo determined cut. In physical units the 

C”t we* at about 1.02 GS”,C. since the pqocessar uses only the 

bend plane opening angle and. therefore, always “nderestimates 

the mass, this C”t is not ““reasonably 4eYere. 

This processor also calc”lates the tra”s”erse rnonle”t”m oe 

the P candidates in the XI plane as 

PT * El+ e- 
I I 
2°F . 

Again, a canplete three dimensional calculation for any pair of 

Selected tracks is easily obta‘ned but "nneceaaary in the 

present application. The resulting Ya.1u.s is compared with a 

ewitch selected cut and an output is set *true* if the cut is 

pL¶SSd. Both the msss and PT calculations are performed in 

parallel for the left and right 4 candidate. TO simplify 

timing 0E logic external to the prcceasor, none of the high 

level decision outputs are set until the processor is etrobed 

by en external enable pulse. 

Y. Gltinq The Pcocsssor 

Initial gating of the processor is provided by the IB, a 

‘“Ceracttng beam, signal which loads the latches ,see Fig. 6). 

This signal is derived from the scintillation counters si, 

I - 1.5 (Fig. 1,. A” incident besm tract is defined by 

B - s1-s2*sT where s1 and s* sre upstream Of the target and 

deEhe the beem size, “hih s3 is an a”““lsr counter Wh‘Ch 

vetos beem halo. The Counter $5 is darnstream of Al and is 

u*ed to require an ~~ts~sttsrsd beam particle. The counter 54 

is directly downstream of the target, and the pulse height 

selection. SI2V - 3 is “SSd to require an interaction in the 

target. 

I” order to reduca the eystem deadtim. s signal E - enable 

is the” rapidly formed within 50 nsec,. If the eYent does not 

produce an e signal, it is aborted. The signal E coneists of 

IB and SIN - rs and mm - 5. The cz multiplicity is derived 

from s commarcia1 NT” raOd”lS. 

The signal E gates the Fermilab designed multiplicity 

wind.% discrht”etor.3 Wh‘Ch produce s signal if the 

multtplicity N ts between the limits, N z on., NA, or NL$~NB. 

The six hodo8cops multiplicites are used to form a signal Ers 

cmsnt Gate, which ts require.3 in e11 s”bseq”e”t trigger 

decisions. The logic schsnatic for the formation of EG and the 

trigger is shorn in Pig. 7. 



The hodoscope multiplici*y distributions observed in this 

experiment are shown in Fig. 8. Note that the true 

reco”str”cCed track multiplicity downstream Of the magnet is 

*lo. higher than ele mean hodoscope multiplicity ,S,). me 

InultipliciCy 1imies are indicated on the Figure. The *ignal EG 

requires PI = (N,“, - (4,9, * PZ - ,N.M, - (4.9, . P3 - (N,H’) 

- ,4,10) . c117 - P-l . c-L<5 - Q-1 . R116 - R-l. I” addition, 

*ince the processor preferentially selects events viler* the 

Cerenko” counter c2 is ineffic‘e”~, the multiplicity in Cl and 

in CZ is required to agree to within 2 3 s-1. 

The purpose of thee* gates is to select interactions In 

the target (IB) with limited multiplicity and not too many 

pions CE,. R further Tefinement is to limit the processor 

multiplicity to prevent accidental R candidates and also to use 

C1 to limit the effects of C2 inefficiency (EG) 

The trigger rates obtained in this experiment are given in 

Table 1. me trigger “alnes correspond to the logic 

requirements: 

ZK z EG . CR+ 3 (1.1)) f CR- - ,1,4)) 

d 5 2R . (ML + MR, 

dPT 3 4 . (PTL + PTR, 

IR : EG . CR+ - (2.4)) . rx- - ,2,4,, 

*1(+ z 4R . ,HL + Ki, 

2K@PT 2 XP . WTL + PTR, 

6@ e IR * (ML . Ia, 

.$@PT E o+ * ,PTL + PTR, 

“I. Triqqer mraation 

The formation Of the triggers is indicated in Pig. 7. me 

s‘gnel EG is required in all triggers. me processor. which i* 

gated by the signal E, provide* signals Kc and C, the 
m”ltipliciCie8 Of .K+ and R- candidates, and KL an.3 m, signals 

which are valid if the leftmost and rightmost K+K- pairs have 

low meesee in the nagnee bend plane. In addition, the eignals 

PTL and Pm, determinations of the tranever9e momenta of the 

leftmost and ri~htmoet K+C in the bend plane, are evailab~e 

for triggering purposes. 

AB can be seen I” **La* 1 the processor is a poverful tool 

in searching for rare proceases. The zeductio” by track 

findfng an.3 multiplicity CUte ia given by 4R,IB s 1,300; the 

sffect Of high level calculations IS $+,lrr s 1,8. 

The trigger rate for ++ wee low encuqh. given the nlaxiaum 

hem flux that the detector* could tolerate, tt,a.t the PTL an* 

PTR eignale were not used during the main daka taking. The 

threshold values Of PTL and PTR yielding the trigger rates Of 

Table 1 correspond to 0.7 Gev,c in the magnet bend plane. 

The results Of the proceesor dtterninatio” Of K+ and R- 

multiplicity is *ho*” in Fig. 9. Clearly. the number Of ireon 

candidate* falls rapidly with lnultipl‘city. The CUt for 4K 

triggers is 4hmm in the figure. AlSO Show” in Fig. 9 is the 
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correletfon hew**” x+ and R- multiplicity. Clearly if x+ are 

found, one is likely to find ZK-, a* expected for real events. 

* typical event display of a *m trigger is shown in 

Pig. 10. Note that complex topologies are tolerable, as 

widenced by the nulnber Of charged tracks in this event. 
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be seen online at the trigger level indicate* the 

discrimination power Of this wigger proCeSSOr for rare *Vent 

topologies. 

“II. K+tr- blase Measurement Usinq the Proceaear 

The cut for triggering purpo8ee was set et a limit of 8 

processor naas units. I.e. HL - rnL‘8, m - rnR‘8. The 

probabil,Cy Of oCC”rrenEe Of ML and * in 4K *Vents is shown in 

Fig. II*. The positive value of the correlation function 

indicates that if the processor detects an ML signal it is 

likely to also detect an MR signal. This 19 expected since $4 

production is know” to be correlated.’ 

By utilizing the leeched hodoscope information one may 

study detail* of the ma** dietrlbutlone online. In Pig. Ilb is 

shovn the probabilities of mL and mR for ++ triggers. Clearly 

a band exists for lOuI nL and IuP. “al”**. I” Fig. 11c is Show” 

the Monte Carlo result for the expected m distribution for am 

events. Note that, since ““508 Of all +m *Yenta yield ma, the 

trigger C”t Of 8 me** units 19 conser”.ti”e. 

I” Fig. Ild a crude background subtraction is Show”. 

Events with OSlnL‘2 are plotted “B. RR along with eYe”tS with 

4<mI,<6, assumed to be background, normalized to equal rates for 

l‘rnFK6. A” exceee Of events remains et law rnR, correeponding to 

the existence Of $4 events. me very fact that me *Vent* Cd” 

VIII. Offline Reconstruction of pp+R+K-R+K- + nn Events 

Final prmt tllcnt the praeasor is working requires three 

dinansional reconstruction Of the events which triggered an.3 

the observation Of CrJrrelated lObI *es* enhancements. 

POT conparison purposes, the beet previous published high 

energy experiment’ obtained 112 (4 events for I x 10’ triggers, 

or M/trigger - 1,36,000. I” r‘g. 12a a scattergram Of 
HlK+R-] L “s M(K+K-), is show” for eventis reconstructed from 

90,000 triggers. I” rig. 12b the background due to R+K-RfK- 

events 1s roughly e”btra.cted leaving 571 $R+K- and 379 ,$$ 

eYent*. I” Pig. 12 the w+lr- backgraund is crudely SUbtraCted 

leaving 233 9) events, or +$/trigger 1 l/400. This number is 

somewhat worse than that inferred from Pig. 10 which used the 

hodorcope bita online to *skimate the trigger purity. Note 

that, since the analysie pcograme are not yet optimized, the 

quoted value for (+/trigger ie a lower limit. 

The final result of this analyeis is that the trigger 

processoL illlo** one to st”dy a rare process SVCh as PP6bX at 

least twc. orders Of magnitude more cleanly than any previous 

experiment. AiQ experiments in general search for eYer rarer 

resctions. this analyels indicates the power Of and need for 

Subtle and sophisticated trigger processors. 
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TRIGGER RATES 

PIG”93 CRPTICJNS 

NAME 0 olbl 
IB 5 OI 30,000. 

F 

E 9.750. 
KG 1,077. 
2K 377. 

d 121. 

+PT 60. 

Iii 94. 

ZKO 51. 

ZKWT 26. 

OP 12. 

*em 4. 

1, 

2) 

3) 

I, 

5, 

6, 

7, 

8, 

91 

Plan view Of the trigger detectors and a block diagram Of 
the trigger electronics. 

Logic system which defines one roes3 an.3 the system for 
reporting the momentum Of selected roads. 

;::” ;;yng,;p ;;am direction ot the Smell angle region of 
shaving the horizontal and vertical 

relatlonahip Of the detector element*. A180 shown ia the 
logic us.4 to *elect kaona in eia busy reqion. 

Block diagram Of the logic that ChOOeee roads to he “Se.3 
as left an-3 right kaon pairs and causes the corresponding 
m*ee”rWCnts ot P and 8 to be user3 in the kinenatic 
C*lC”l*tiO”*. 

Schematic Of the logic used to C?.1C”late ma** and 
tran~“erea 110me”t”m. 

Schtmetic diagram Of the logic for generation Of tile 
signal* IK ana E. 

sodoscop nlultlplkity distributions for me six detectors 
“*cd in the trigger. 

a, P1 b, Cl c, P2 d, c2 It) P3 f, 81 

Trigger limit* are indicated by the arrow*. 

PrcGessor selection Of bone. 

aI qe Correlation funct‘a” for correlations between the 
K multiplicity and the x nultlplicity LD”“d by the 
prOC***0r. 

b, Multiplicity distrib"tior,. for the number Of II+ an.2 K- 
fDY"d by the processor. *rigger cute e.re Shown es 
arrow*. 



Diagram Of a” eYent selected by the prOCeSsOr. Str”Ck 
trigger hcdc.ScOpe elements as Yell a* hits in other 
detectoce are indicated. Solid line* represent the four 
track* thae triggeced the eyetern. DaShed lines indicate 
me extra tracks tolerated by the prc”zeSsO~. 

Processor deterninatla" of me**es. 

a) Correlatio" function for M‘, MR using 4R triggem. 

bl oistribueion Of ml, and ma within the trigger CM for 
mm triggers. The tab"lated ""nlbere are the fraction 
Of me triggers yielding a particular mI. and r&R. 

c, Monte carL3 generated distribution Of the expected 
proces*or me** tar m *“*“to. 

d) Background estimation in $b triggers. A cdumn of b) 
expected to contain $0 event* (solid lines) is ehovn 
along vltll a COl”u,” expected to contain beckqro”nd 
,SOlid circles,, normalized to tile **me area for rnR>4. 
Also abnln is the expected residual shape due to 4 
eYentS (open circlea~ using the Shape Of c, . 

A ecattergram of reconstructed K+~c‘Ic+K- + nn fin.31 state 
events. 

a) M(K+K-)~ ~8 ~I(R+K-~~ 

b) Estimated K+K-K+K- background eubtrecticm. 

=, Rethated $K+K- background B"btr.~tl.,". 
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